http://germyl .nist.gov/cccbdbtal k/contents.htm

CCCBDB
Usage
Compare
Quantum 1

Quantum 2
Calcs

Cost
Energetic
Geometric
Vibrational
. Electrostatic
Molecules
13. Molecules 2
14. Compare 1
15. Compare
16. Classify

©ooNo O~ wDdPRE

B R
N = O

http://germyl.nist.gov/ccchbdbtal k/contents.htm4/23/2004 1:26:06 PM



http://germyl.nist.gov/ccchdbtal k/ccchdb.htm

Computational Chemistry Comparison and
Benchmark Database

The database/website contains:

. Gas-phase thermochemical properties for 647 molecules.
. 76000 guantum chemical calculations on those molecules.

CCCBDB goal:
How good is that quantum chemical calculation?

It has been online since November 1999. http://srdata.nist.qov/ccchdb
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CCCBDB Usage
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There are 400 requests/month for molecules not in the CCCBDB.
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Examples

Comparisons

. Compare experiment to quantum calculations for the vibrational
frequencies of H,S.

. Compare bond lengths for C-F bonds calculated at HF/6-31G*

. Compare experiment to quantum calculations for the atomization
enthal py of organic acohols.
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Quantum Mechanics

There isawavefunction, W , which describes the molecule. The properties
of the molecule can be obtained from the appropriate operator function.
For the energy of a molecule the operator is the Hamiltionian:

HY=EW

. HisHamiltonian (The energy of a system of particles described by
their positions and momenta)

. Wisthe wavefunction
. Eisthe Energy of the system
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Quantum Mechanics 2

But we don't know W, so the guantum chemical programs approximate it
from linear combinations of atomic orbitals. Even then we can't solve the
eigenval ue problem without throwing out some of thetermsin H.
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Calculations in CCCBDB

Theory
AMBER, MM+, OPLS 3-21G, 3-21G*
AM1, PM3 6-31G, 6-31G*
HF, ROHF 6-311G*
MP2, MP4 6-31G**
BLYP, B3LYP, B3PW91, MPW1PW9l, PBE 6-31+G**
CID, CISD 6-31G(2df,p)
QCISD, QCISD(T) cc-pVDZ, aug-cc-pvVDZ
CCD, CCSD, CCSD(T) cc-pVTZ
Gl, G2, G2MP2, CBS-Q ECPs

A guantum chemistry model is a combination of atheory and a
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http://germyl.nist.gov/ccchdbtal k/data.htm

Properties in CCCBDB
Energetics

. Enthalpies of formation, Enthalpies of atomization, Enthal pies of
reaction

. Entropies, Heat capacities, Integrated heat capacities

. Barrierstointernal rotation

. Trangition States
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Properties in CCCBDB
Geometric data

Bond lengths, angles and dihedrals
Rotational constants, moments of inertia
Cartesian coordinates

Point groups
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Properties in CCCBDB
Vibrationa data

. Vibrational frequencies, intensities, reduced masses, zero-point
energies
. Vibrational scaling factors
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Properties in CCCBDB
Electrostatic data

. Atom charges, Dipole moments, Quadrupole moments,
Polarizabilities
. lonization Energies, Nuclear Repulsion Energies

http://germyl.nist.gov/ccchdbtal k/datad.htm4/23/2004 1:26:13 PM
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Molecules in CCCBDB

Theinitial set of molecules was chosen from the NIST webbook with the
constraints:

. Theuncertainty in the experimental enthalpy of formation is better
than 10 kd/mal.

. No eements heavier than Chlorine.
. No more than 6 heavy (non-hydrogen) atoms.
. No morethan 20 atoms total.
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Molecules 2

Types of molecules:

20 atoms, 81 diatomics, 546 polyatomics, 647 total
453 organic molecules (contain carbon)

194 inorganic molecules

96 radicals (molecular fragments)
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Examples

Comparisons
3 dimensions of comparisons -

1. Property

o For example: Rotational Constant
2. Molecule(s)

n For example: H,O

3. Quantum chemica model
o For example: MP2/6-31+G**

http://germyl.nist.gov/cccbdbtal k/comparel.htm4/23/2004 1:26:14 PM



Examples

Classify Molecules

A given quantum chemical model will perform differently for different
molecules.

. Moleculesthat are similar chemically will have similar biasin results

from a quantum chemical model.
. The CCCBDB allows usersto compare different classifications of

molecules.

Overall goal:
Assign uncertainties to quantum chemical calculations.
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Compare vibarational frequencies

qc%- Click "submit" to proceed

IVV.C.1 Vibrational Frequency Comparison

Please enter the chemical formula

H2S

Submit

Rules for chemical formula

. Enter a sequence of element symbols followed by numbersto specify the amounts of desired
elements (e.g., C6H6).

. Elements may bein any order.

. If only one of agiven atom is desired, you may omit the number after the element symbol.

. Parentheses may be used to group atoms.

. Multiple specifications for an atom will be added. This means that CH3( CH2) 4CH3 will be
treated the same as C6H14.

. To specify one or more of a given atom, use a question mark (?) after the element symbol.

« To specify any number (including zero) of given element, use an asterisk (*) after the element
symbol.

. A commadelimted list of several species may be entered.

Species in the CCCBDB

. No atoms with atomic number greater than 18 (Argon).
. Six or fewer heavy atoms and twenty or fewer total atoms. Exception: Release version 8 and
higher have afew substituted benzenes with more than six heavy atoms.

http://germyl.nist.gov/C10/compvibsl.asp4/23/2004 1:38:18 PM


http://germyl.nist.gov/C10/default.htm

http://germyl.nist.gov/C10/compvibs2.asp

%

Continue to the next page

IV.C.1 Vibrational frequency comparison for H,S (Hydrogen sulfide)

Experimental vibrational frequencies (cmrl)

Imode number |symmetry |Frequency

]1 ]A1 ] 2,615
]2 ]A1 ] 1,183
]3 ]Bz ] 2,626

rms differences (cm1) from experimental frequencies are shown in the following tables.

Click on an entry for details.

d.p.g. = different point group
Methods with predefined basis sets
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6-
3 |3 |6 |6 |6 (631 & 3G « | o |TF 6;321
* * *%* * % *
21G [21G* | 31G (31G* (31G** (+G** |311G (Zpd)f, pVDZ pVTZ pVDZ |(3df,2p)
hartree fock HF 178| 44| 164| 28 16| 16 49| 16| 15| 16| 61 33
BLYP 197 32| 168 28 20| 22 12 42| 24
B3LYP 189 27| 160| 20| 17| 20| 66| 29| 42| 30| 44«
densty - Tp3pwor | 183) 18| 3] 9 11| 13 5 I
functional
MPW1PW91 | 164 8/ 14| 11, 40 25 19
PBEPBE | 2,246 2246 49 65 2,246
MP2FC 211 33| 177\ 30| 42| 39| 48 27 29| 45
Maller Plesset| EEwmSort [ 224 28] e3[ 60] -1 34
perturbation
M P4 278 28 112
Configuration CID 46 119 46
interaction CISD 56 56
Quadratic QCISD 277 dp. 17y 38| 34| 9 14| d.p.g.
configuration a.
Interaction | ociSp(T) 24| 30| 25| 110 21| 27
CCD 284 27 23| 20| 105 24, 28
Coupled cCsh 34| 13| 13| 115 2| 33
Cluster
CCSD(T) 46 5| 5| 132 41| 49
Methods with effective core potentials
CEP-31G |CEP-31G* |CEP-121G [CEP-121G* [LANL2DZ [SDD
hartree fock HF 165 22 165 51 152| 183
density functional B3LYP 179 40 183 ot 163 | 169
Moller Plesset perturbation |MP2FC 179 10 184 31 147| 178

For descriptions of the methods (AM1, HF, MP2, ...) and basis sets (3-21G, 3-21G*, 6-31G, ...) see the glossary in section

I.C. Predefined means the basis set used is determined by the method.

A large rms difference may be due to different vibrational numbering between experiment and theory. Sometimes thisis
due to the theory giving a geometry described by a different point group, and sometimesiit is because the calculation was
run with the wrong geometry (usually at alower symmetry). We are rerunning calculations to correct this latter problem.

http://germyl.nist.gov/C10/compvibs2.asp (2 of 2)4/23/2004 1:38:36 PM



http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=8
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=9
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=19
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=17
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=10
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=8
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=9
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=13&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=8
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=9
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=19
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=17
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=8
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=9
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=16&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=25&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=25&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=25&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=25&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=25&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=25&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=25&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=61&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=61&basis=9
http://germyl.nist.gov/C10/compvibs3.asp?method=61&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=61&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=61&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=8
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=9
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=17
http://germyl.nist.gov/C10/compvibs3.asp?method=2&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=2&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=2&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=2&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=2&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=2&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=4&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=4&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=4&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=14&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=14&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=14&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=15&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=15&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=8
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=8
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=5&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=10&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=10&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=10&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=10&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=10&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=10&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=6&basis=2
http://germyl.nist.gov/C10/compvibs3.asp?method=6&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=6&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=6&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=6&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=6&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=6&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=11&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=11&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=11&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=11&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=11&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=11&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=12&basis=1
http://germyl.nist.gov/C10/compvibs3.asp?method=12&basis=3
http://germyl.nist.gov/C10/compvibs3.asp?method=12&basis=4
http://germyl.nist.gov/C10/compvibs3.asp?method=12&basis=7
http://germyl.nist.gov/C10/compvibs3.asp?method=12&basis=5
http://germyl.nist.gov/C10/compvibs3.asp?method=12&basis=6
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=11
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=12
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=13
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=14
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=15
http://germyl.nist.gov/C10/compvibs3.asp?method=1&basis=16
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=11
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=12
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=13
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=14
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=15
http://germyl.nist.gov/C10/compvibs3.asp?method=8&basis=16
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=11
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=12
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=13
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=14
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=15
http://germyl.nist.gov/C10/compvibs3.asp?method=3&basis=16
http://germyl.nist.gov/C10/glossary.asp

http://germyl.nist.gov/C10/listbondexp2.asp?descript=rCF

q‘%_

IV.D.4 Comparison of experiment and theory for rCF

Species with coordinate rCF

| Species | Name
ICH2CHF  |Ethene, fluoro-

ICH2F2  |Methane, difluoro-
ICH3CHF2 |Ethane, 1,1-difluoro-
ICH2CF2  |Ethene, 1,1-difluoro-
ICHF3  |Methane, trifluoro-
ICFCI3  [Trichloromonofluoromethane
ICF2CI2 |difluorodichloromethane
ICF4 |Carbon tetrafluoride
IC2F6 Ihexaf| uoroethane

]C2F4 ]Tetrafluoroethylene
ICF20  |Carbonic difluoride
ICF3CN  |Acetonitrile, trifluoro-
ICH3CF3  |Ethane, 1,1,1-trifluoro-
ICH3COF  |Acetyl fluoride

’CHSF ’Methyl fluoride

ICF2 Difluoromethylene
ICF3 I Trifluoromethy! radical
ICF Fluoromethylidyne
IHCF Fluoromethylene

rms differences (calculated - experiment) in A

The small subscript is the number of bonds with completed calculations.
Click on an entry for a histogram of the difference distribution.

Methods with predefined basi s sets

AM1 0.030
42
semi-empirical PM3 0.015
42
MNDOd
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| AMBER | Gdss
37
’DREIDING|
] UFF |
. MM+ 0.093
molecular mechanics 37 . .
e Click this entry to proceed
BIO+ 0.151
37
OPLS 0.151
37
Methods with/standard basis sets
6- aug- | 6-311
3 |3 |6 | 6| 6 6381] 6 36|« | |TT |7
* % * % * % *
21G |21G* | 31G |31 31G +G 311G (2pc;f, pVDZ |pVTZ pVDZ |(3df.2p)
0.016 |0.016 0.028, 0.017 [ 0.017 (0.015 | 0.022 (0.026 (0.018 |0.024 (0.014
HF 43 43 53\\)3/ 43 43 43 43 43 43 43 00248
hartree fock
0.022 0.015 | 0.015 (0.014 | 0.021 0.016 |0.023
ROHF e - |-
4 4 4 4 4 4 4
BLYP 0.055 |0.056 |0.071 [0.028 | 0.028 (0.035 | 0.029 0.030 |0.027
43 36 a2 43 43 43 36 43 33
B3LYP 0.036 |0.038 |0.053 [0.012 | 0.012 (0.016 | 0.011 |0.008 [0.012 |0.009 |0.020
43 43 43 43 43 43 40 43 40 43 14
density 0.035 |0.036 |0.049 (0.009 | 0.009 (0.012 | 0.007 0.009 |0.007
. B3PW91l - |-
functional 43 43 43 43 43 36 43 43
MPW1PWO1 0.031 |0.036 |0.049 [0.007 | 0.007 (0.008 | 0.007 0.007 |0.005
43 6 6 43 43 43 43 43 26
PBEPBE 0.048 0.064 (0.021 0.026 0.022
43 43 43 43 40
MP2EC 0.043 |0.043 10.068 [0.014 | 0.014 (0.020 | 0.006 0.011 [0.006 |0.023
43 43 43 43 a2 43 43 36 28 28
Moller Plesset MP2EU 0.046 |0.048 |10.070 (0.013 | 0.013 (0.019 | 0.006 0.010 |0.005
perturbation 26 6 6 36 36 36 43 26 6
M P4 0.056 |0.065 0.022 0.010
8 2 8 3
cID 0.005 0.007
Configuration 36 3
interaction
CISD 0.045 0.005 | 0.008
8 24 8
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_ 0.054 |0.057 |0.085 (0.014 | 0.017 (0.024 | 0.004 0.015 |0.002
Quadratic QCISD 8 2 2| 36 8 8 20 2 2
configuration
interaction QCISD(T) 0.021 0.008
3 3
cch 0.048 |0.048 |0.075 (0.011 | 0.013 |0.016 | 0.002 0.008 |0.004
2 2 2 30 2 2 5 2 2
Coupled CCSD 0.015 0.003
Cluster 8 3
ccsp(T) 0.018 | 0.018 0.007
7 8 3
Methods with effective core potentials
CEP-31G |CEP-31G* |CEP-121G |CEP-121G* [LANL2DZ | SDD
hartree fock HF | 003743 00l143| 003643 001143| 003443 %
. . 0.064
density functional B3LYP | 0.07143| 0.02243| 0.069 43 0.022 43| 0.064 43 i
Moller Plesset perturbation [ MP2FC | 0.08943| 0.02243| 0.086 43 0.021 43| 0.084 43 0'0—43

For descriptions of the methods (AM1, HF, MP2, ...) and basis sets (3-21G, 3-21G*, 6-31G, ...) seethe glossary in section |.
C. Predefined means the basis set used is determined by the method.
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IV.D.4 Compare Bonds

HF/6-31G* for rCF

Histogram of Bond length differences (in A) vs number of species

Differences greater than 0.025 are in the 0.025 bin. Differences less than -0.035 are in the -0.035 bin.

10
8
6
4
2
0 H

-0.035 -0.030 -0.025 -0.020 -0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020 0.025
bond length difference calc. - exp. (&)

| |Species| Name Difference (A)
MO.St negative CF,Cl, |difluorodichloromethane -0.032
difference
|Most positive difference |CF  [Fluoromethylidyne | -0.005
Bond lengths

Click on entry for experimental details.

| Species | Name Experimental (A) Difference (A)
CF,Cl,  |difluorodichloromethane 1.345] -0.032
CFCl3  |Trichloromonofluoromethane 1345 -0.023
CF0 Carbonic difluoride 1312 -0.022
CH3COF  |Acetyl fluoride 1348 -0.022
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CH,CF, |Ethene, 1,1-difluoro- 1323 -0.020
CF3CN  |Acetonitrile, trifluoro- 1.328 -0.019
CFCN  |Acetonitrile, trifluoro- 1.328 -0.019
CH3F Methy! fluoride 1.383 -0.018
CH,CHF |Ethene, fluoro- 1.347 -0.018
CH3CHF;, |Ethane, 1,1-difluoro- 1.364 -0.018
CoFy Tetrafluoroethylene 1.319 -0.017
CF; Trifluoromethy! radical 1.318 -0.017
CF3 Trifluoromethy! radical 1.318 -0.017
CHF3 Methane, trifluoro- 1.332 -0.015
CHF3 Methane, trifluoro- 1332 -0.015
CH3CF3  |Ethane, 1,1,1-trifluoro- 1.340 -0.015
CH3CF3  |Ethane, 1,1,1-trifluoro- 1.340 -0.015
CF, Difluoromethylene 1.297 -0.014
CFy Carbon tetrafluoride 1315 -0.013
CHoF,  |Methane, difluoro- 1.351 -0.013
HCF Fluoromethylene 1.305] -0.009
CoFg hexafluoroethane 1.320 -0.009
CoFg hexafluoroethane 1.320 -0.009
CF Fluoromethylidyne 1.272 -0.005
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CCCBDB Atomization Energies

%’-

IV.A.2 Heats of Atomization Comparison at
298.15K - Theory versus Experiment

Select a species by entering a chemical formula.

s o /Click here to proceed

or choose by chemicalgroups.

Entering aformulawil| returndll species with the same empirical formula. The characters* and ? can be
used to indicate (0 or more) or (1 or more). For example C2H* F? will return all species with two C, zero
or more H and one or more F and no other elements. A list of species that match the formula criteriais
returned and one or more may be sel ected.

Going to the group selection page allows the selection of molecules with certain chemical groups, such
as C=0 bonds or NH2 groups. A list of species that match the group criteriais returned and one or more
may be sel ected.

Caution! Choosing along list may take along time to to load. For example: 150 species takes about a
minute.

http://germyl.nist.gov/C10/atomize298_1.asp4/23/2004 1:39:33 PM
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gcg

Select group of species

Select from the following tables to search for the species of interest. The search performs aboolean AND
so that if both C-N bond is selected and C-F bond is selected the search will return only species with both
C-N and C-F bonds. "#" indicates a triple bond.

http://germyl.nist.gov/C10/getgroup.asp (1 of 2)4/23/2004 1:39:39 PM

Bonds
A-H bonds B C-A bonds | Other
C- S- [ CC CN CO CS cxX | N-
Ol 10h [ Dlay [Dlay [Olay Oy O lay O |
O ﬂ OPH| lOlce Olen |Olco |Oles |OlcF O g
O- [ | ~ ~ ~ ~ B C-
¥ 1] [SH [ |IC=C |[] |IC=N [] |C=0 [1 |IC=S |[] |C-Cl ] P
O lerc O [ean B
Groups
Y N\
_ OOH 3 membered
] aIkanek\lEl_\@-H alcohol ] |[r-N=O ] Deroxy ] ring
[] |akene [] |C-O-C ether [] |r-NO2 nitro [] INH2amine |[] :1ir:1;embered
] |akyne |[[] |COOH acid [] |r-ONO nitrite ] ﬁrr]r;embered
. r-ONO2 6 membered
[] |diene ] |C(O)OC ester ] nitrate [1] IRCH3 ] ring
[] |CC(O)Cketone |[] |C(O)N amide |[] |R2CH2 [] |aromatic
CC(OH
U |adenyde O |R3CH
[0 |COC epoxide [] |[R4C
substituted methanes, etc.
[] |methanes|[] |ethanes ] |propanes [] |butanes ] |pentanes
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’ ] ’ethenes

’ ] ’hexanes

Elements

Must contain these e ements

any

[

any

any

Must NOT contain these elements

none

:

|none

only first row (H thru Ne)

[l

Atom Count

Total number of atomslz |

any

Heavy (non-hydrogen) atoms|=

any

Experimental Uncertainty in Enthalpy of formation (kJ/mol)

mol

Lessor equa to

no limit

kJ

More than
mol

no limit

kJ

Radicals

Must be aradical (unpaired

/D—,.elgc(ons)
O] Exclyhe al radicals

G2 Set (noions, no excited states)

O

G2-1 set (53 species)

O

G2/97 set extended (146 species)

Constraintsfrom experimental vibrational frequencies

[l

experminetal frequencies are present

[l

species that are good for determing scaling factors

Submit Query

Clear
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Choose which species

Checked species in the following table will be kept

Clear A1 Click here to proceed
Choose All Select
Choose which species—
1 |[@ (67561 CH30H Methyl alcohol
2 |[0] (64175 CH3CH20H Ethanol
3 |[0 [107211 | C2H602 1,2-Ethanediol
4 |[@ |107186 |C3H60 2-Propen-1-ol
5 |[O] (71238 C3H70H 1-Propanal
6 |[0 |67630 CH3CHOHCHS3 |Isopropy! acohol
7 |[0 (504632 |C3H802 1,3-Propanediol
8 |[O] |57556 C3H802 Propylene glycol
9 |[[O] (2919235 |C4H80O Cyclobutanal
10 | [@] (71363 C4H100 1-Butanal
11 |[@ [78831  |c4H100 - :&ﬁf‘”"" z
12 | [@] |15892236 |C4H100 2-Butanoal, (.+/-.)-
13 | [ 75650  |C4H100 ;mrt’ﬁl;l el
14 | [6] |56815 C3H803 1,2,3-Propanetriol
15 | [E] |107880 |C4H1002 1,3-Butanediol
16 | [0] (110634 |C4H1002 1,4-Butanediol
17 | [B] 96413 C5H100 Cyclopentanal

http://germyl.nist.gov/C10/choose.asp (1 of 2)4/23/2004 1:39:51 PM
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18 | [@] |137326 |C5H120 1-Butanol, 2-methyl-
19 | [O] /123513 |C5H120 1-Butanol, 3-methyl-
20 | [O0] |71410 C5H120 1-Pentanol
21 |[O] (598754 |C5H120 2-Butanol, 3-methyl-
22 | [0 6032297 |C5H120 2-Pentanol
23 | [0] (108952 |C6H6O phenol

Choose All Select

Clear All

Constraints chosen: COH_alcohol, no radicals

http://germyl.nist.gov/C10/choose.asp (2 of 2)4/23/2004 1:39:51 PM
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IV.A.2 Heats of Atomization Comparison 298.15K - Theory

versus Experiment

23 species with data at 298K .

Experimental Atomization Energies at 298.15K

http://germyl.nist.gov/C10/atomize298_2.asp (1 of 3)4/23/2004 1:39:59 PM

Species Name Atomization Energy kJ mol-1 |Uncertainty
C3HgO3 1,2,3-Propanetriol 5,219.5 11
C3HgO, Propylene glycol 4,822.2 4.1
CH3CH,0H Ethanol 3,225.5
CH3;0OH Methy! alcohol 2,038.9 0.6
CH3CHOHCH3 |Isopropy! alcohol 4,415.9
CgH;OH 1-Propanol 4,398.4
C4H10O 1-Butanol 5,570.5
CsH10 1-Pentanol 6,744.2 0.7
C4H100 Ethanol, 1,1-dimethyl- 5,608.3
C4H100 1-Propanol, 2-methyI- 5,579.7 0.9
CgH410O Cyclopentanol 6,255.1 1.7
C3HgO 2-Propen-1-ol 3,830.8 15
CoHgO, 1,2-Ethanediol 3,627.2
C4H100, 1,3-Butanediol 5978.1 2.9
CeHgO phenol 5,953.6 0.6
C4H1002 1,4-Butanediol 59718 2.5
CsH120 1-Butanol, 3-methyl- 6,749.9 15
CsH.20 1-Butanol, 2-methyl- 6,750.6 15
C3HgO, 1,3-Propanediol 4,784.4 33
CsH150 2-Butanol, 3-methyl- 6,765.0 1.8
C4HgO Cyclobutanol 5,004.7
CsH150 2-Pentanol 6,762.4 1.1
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C4H100

]2-Butano|, (H-)-

5.588.6 03 |

RMS Atomization Energies Diff erences (kJ mol-1)
Click on entry for details.

Methods with predefined basis sets

http://germyl.nist.gov/C10/atomize298_2.asp (2 of 3)4/23/2004 1:39:59 PM

AM1 356
semi-empirical| PM3 261
MNDOd (5,472 14
G1 2115
G2MP2 | 815
composite G2 715
Gz | 42 Click this entry to proceed
CBSQ |1,23314 \
Methods with é?ndard basis sets
& aug- | aug-
3 |3 |6 |6 |6 631 6 [31G|c | |0 |
21G [21G* | 31G |31G* [31G** |+G** |311G* (2po)|f, PVDZ |pVTZ| o LTz
e ok HF 1,724 | 1,724 | 1,736 | 1,515 | 1,461 |1,480| 1,568 1,452 1’55;2 1’4752 1'5152
ROHF | o
BLYP | 13| T | 12| e9] 23| ee| 139| 721
ey B3LYP 151| 151| 197 %é 12| 3722| 110 9 %50 38| 727
functional - ™ao5ver | 130 130 176| 40| 28| 81| 83 9] 15
MPWIPWOL | 144 &) 21 2 100 o[ 287
PBEPBE | | | | | |
MP2FC 797| 797| 794 %52 222| 228 44;252 2—8123 384| 1807
I\ggltirr E;ﬁ MP2FU | 5776 4222 18113 18f2 4339 2326
M P4 @2 @1 @3 &1
CID 2 3121
Configuration L
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http://germyl.nist.gov/C10/atomize298_3.asp?method=7&basis=0
http://germyl.nist.gov/C10/atomize298_3.asp?method=21&basis=0
http://germyl.nist.gov/C10/atomize298_3.asp?method=24&basis=0
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=2
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=8
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=9
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=1
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=3
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=4
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http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=5
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=6
http://germyl.nist.gov/C10/atomize298_3.asp?method=1&basis=17
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=2
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=8
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=9
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=1
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=3
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=4
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=7
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=5
http://germyl.nist.gov/C10/atomize298_3.asp?method=13&basis=6
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=2
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=8
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=9
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=1
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=3
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=4
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=7
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=19
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=5
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=6
http://germyl.nist.gov/C10/atomize298_3.asp?method=8&basis=17
http://germyl.nist.gov/C10/atomize298_3.asp?method=16&basis=2
http://germyl.nist.gov/C10/atomize298_3.asp?method=16&basis=8
http://germyl.nist.gov/C10/atomize298_3.asp?method=16&basis=9
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http://germyl.nist.gov/C10/atomize298_3.asp?method=16&basis=6
http://germyl.nist.gov/C10/atomize298_3.asp?method=25&basis=2
http://germyl.nist.gov/C10/atomize298_3.asp?method=25&basis=3
http://germyl.nist.gov/C10/atomize298_3.asp?method=25&basis=4
http://germyl.nist.gov/C10/atomize298_3.asp?method=25&basis=7
http://germyl.nist.gov/C10/atomize298_3.asp?method=25&basis=5
http://germyl.nist.gov/C10/atomize298_3.asp?method=25&basis=6
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=2
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=8
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=9
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=1
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=3
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=4
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=7
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=5
http://germyl.nist.gov/C10/atomize298_3.asp?method=3&basis=6
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inter action

730
CIsD >
drati 739
Quadratic QCISsD e 6772|406 7| 2613|2373| 4287 3112
configuration
Interaction QCISD(T) 2181 2261
464
CCD 6742| 6742 | 682 2 11| 267 212041| 4173 2691
Coupled
Cluster CCSD 2311 2441
CCSD(T) 2872| 1472 2251
Methods with effective core potentials
CEP-31G |CEP-31G* |CEP-121G |CEP-121G* [LANL2DZ | SDD
hartree fock HF 1,82322| 159222| 1,85422 161622 1,78522|1,78422
density functional B3LYP 408 22 252 22 452 286 226 229
Moller Plesset perturbation |MP2FC 944 22 54122 895 22 51322 852 849
Single point energy calculations
g g aug-cc- aug-cc- 6-311+G
C-pVDZjee-pVIZ| bz pVTZ (3df,2p)
MP2FC//HF/6-31G* 35022 71222 809 6 202 8506
perturbation
MP2FC/IMP2FC/6- 9 4 2
31G* g— 4_2 @
CCSD//HF/6-31G* 40312 1344
31G*
CCSD(T)//B3LYP/6- 6 5 1
Coupled Cluster 31G* 909 64 126
CCSD//MP2FC/6- 5 2
o 2772|126
CCSD(T)/IMP2FC/6- 2 2
e 250 82

If not all the species have calculated data the entry will be followed by a superscript indicating how many of the 23 species

have calculated data.

For descriptions of the methods (AM1, HF, MP2, ...) and basis sets (3-21G, 3-21G*, 6-31G, ...) see the glossary in section
I.C. Predefined means the basis set used is determined by the method.
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IV.A.2.a Heats of Atomization Comparison at 298.15K - Theory versus
Experiment

MPW1PW91/6-31G*

Histogram of Atomization Energy differences vs number of species

Differences greater than 20 are in the 20 bin. Differences less than -100 are in the -100
bin.

10

o_ I . . Il I

-100 -9 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20
atomization energy calc. - exp. (kJ mol-1)
23 species have completed calculations from a selection of 23.

Species Name Difference
Most negative _
- C:zH:0O } )
difference 3HgO3|1,2,3-Propanetriol |-96
Most positive difference |C4H100 |1-Butanol 13

Atomization Energies (kJ mol-1)
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Species Name Experimental junc. Theory |Difference
C3HgO3 1,2,3-Propanetriol 5219| 2| 5124 -6
CoHgOs 1,2-Ethanediol 3,627 3,552 -75
C4H1005 1,4-Butanediol 5972| 3| 5909 -62
C3HgO; Propylene glycol 4822| 4| 4,761 61
C3HgO, 1,3-Propanediol 4784 4| 4,729 -56
C4H100, 1,3-Butanediol 5978, 3| 5927 -52
C3HgO 2-Propen-1-ol 3,831 2| 3,790 -41
CH30H Methyl alcohol 2,039| 1| 1,998 -40
CH3CH,OH Ethanol 3,226 3,190 -35
CsH1,0 1-Butanol, 3-methy!- 6,750 3| 6,717 -33
CqH100 ;tr?ﬁ;‘ﬁl;l el 5,608 5575 33
CH3CHOHCH3 |1sopropy! alcohol 4,416 4,385 -31
C3H;0OH 1-Propanol 4,398 4,368 -31
C4H100 rlr;;rrf;fl’?no" > 5580 2| 5550 30
CsH120 1-Butanol, 2-methyl- 6,751| 3| 6,722 -29
CsH1,0 2-Butanol, 3-methyl- 6,765| 3| 6,/38 -27
CsH1,0 2-Pentanol 6762| 3| 6.736 -26
C4H100 2-Butanol, (.+/-.)- 5580| 2| 5563 -26
CsH100 1-Pentanol 6,744 2| 6,722 -22
C4HgO Cyclobutanol 5,005 4,987 -18
CsH100 Cyclopentanol 6,255 3| 6,243 -13
CeHgO phenol 5954 3| 5962 8
C4H100 1-Butanal 5,570 5,583 13
rms 42.6
average of absolute values 37.2



http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=56815
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=107211
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=110634
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=57556
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=504632
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=107880
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=107186
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=67561
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=64175
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=123513
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=75650
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=67630
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=71238
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=78831
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=137326
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=598754
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=6032297
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=15892236
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=71410
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=2919235
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=96413
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=108952
http://germyl.nist.gov/C10/atomize298_5.asp?method=25&basis=1&atomizenominus=71363

http://germyl.nist.gov/C10/atomize298_3.asp?method=25& basis=1

average value -35.4 |
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